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ABSTRACT 

T h i s paper i s concerned w i t h a p l a n n i n g 
system f o r a r o b o t w i t h a hand and an eye 
w h i c h can m a n i p u l a t e b l o c k s . Two d i f f e r e n t 
k i n d s o f p r o b l e m s o l v e r s a r e used . One i s 
m a i n l y composed of a theorem p r o v e r based on 
t h e r e s o l u t i o n p r i n c i p l e , and the o t h e r 
c o n s i s t s o f a theorem p r o v e r based on p a t t e r n 
m a t c h i n g . These p rob lem s o l v e r s a r e c a l l e d 
GOAL-FINDER and JOB-SCHEDULER c o r r e s p o n d i n g to 
t h e i r f u n c t i o n s . GOAL-FINDER d e c i d e s a g o a l 
s t a t e t h a t i s s u i t a b l e f o r a n o r d e r o f a n 
o p e r a t o r . JOB-SCHEDULER produces a j o b 
sequence f o r a r o b o t t o p e r f o r m t h e g o a l s t a t e 
g i v e n t h e c o n s t r a i n t s o f t he b l o c k w o r l d . 

D e s c r i p t i o n terms 

r o b o t p l a n n i n g , p rob lem s o l v i n g , theorem 
p r o v i n g and d a t a s t r u c t u r e . 

1 . I n t r o d u c t i o n 

Papers ' ' ' have been p r e s e n t e d h i t h e r -
t o c o n c e r n i n g r o b o t p l a n n i n g systems t h a t 
u n d e r s t a n d i n s t r u c t i o n s f r om a n o p e r a t o r and 
wh ich make p l a n s f o r a t t a i n i n g g o a l s . 

Th i s paper d e s c r i b e s a r o b o t p l a n n i n g 
system d e v e l o p e d f o r use i n a r o b o t . T h i s 
sys tem is concerned w i t h a r o b o t w i t h a hand 
and an eye w h i c h m a n i p u l a t e s b u i l d i n g - b l o c k s 
i n response t o t h e o r d e r s o f a n o p e r a t o r . 

Two d i f f e r e n t k i n d s o f theorem p r o v e r s 
a re used t o d e m o n s t r a t e t h e e f f e c t i v e n e s s o f 
t h i s p l a n n i n g s y s t e m . One i s based on t h e 
r e s o l u t i o n p r i n c i p l e , t h e o t h e r o n p a t t e r n 
m a t c h i n g . The f o r m e r i s used in a p rob lem 
s o l v e r wh i ch u n d e r s t a n d s t he mean ing o f a 
s t a t e m e n t and w h i c h d e c i d e s a goa l s t a t e 
c o r r e s p o n d i n g t o t h e s t a t e m e n t . The l a t t e r i s 
a p p l i e d to a p rob lem s o l v e r wh i ch e f f e c t s a 
c o n c r e t e j o b sequence t o r e a l i z e t h e g o a l 
s t a t e d e s c r i b e d above . These p rob lem s o l v e r s 
a re c a l l e d GOAL-FINDER and JOB-SCHEDULER 
r e s p e c t i v e l y . 

The reason why two theorem p r o v e r s a r e 
used i n a r o b o t p l a n n i n g system i s t h a t i t i s 
n o t n e c e s s a r i l y p r o f i t a b l e t o p rocess two 
o p e r a t i o n s , f o r example t h a t o f r e p r e s e n t i n g a 
s t a t e and o f o b t a i n i n g a j o b sequence, w i t h 
o n l y one m e t h o d . 

A f u r t h e r f e a t u r e o f t h i s p l a n n i n g system 
i s t h a t t he p r o c e d u r a l d a t a s t r u c t u r e i s used 
f o r i n c r e a s i n g e f f i c i e n c y i n p rob lem s o l v i n g 
p r o c e s s e s . A n o u t l i n e o f t h e r o b o t p l a n n i n g 
s y s t e m , d e s c r i p t i o n s o f each o f t h e p rob lem 
s o l v e r s and f u t u r e c o n s i d e r a t i o n s a r e g i v e n i n 
t h e f o l l o w i n g c h a p t e r s . 

The p r o b l e m s o l v e r s and t he r o b o t p l a n n 
i n g sys tem d i s c u s s e d i n t h i s paper wou ld 
u n d o u b t e d l y b e a p p l i c a b l e i n many f i e l d s . 

2 . The o u t l i n e s o f t h e r o b o t p l a n n i n g sys tem 

The f o l l o w i n g p r o b l e m i s p r e s e n t e d as an 
example o f t h e w o r k i n g o f a r o b o t p l a n n i n g 
s y s t e m . There a r e many b l o c k s , o f v a r i o u s 
shapes and c o l o u r s , and w o r k i n g desks upon 

w h i c h a r o b o t m a n i p u l a t e s t h e b l o c k s . The 
r o b o t i s made to b u i l d s t r u c t u r e s , such as a 
t o w e r , a house , a b r i d g e , e t c . , i n response 
t o t a s k i n s t r u c t i o n g i v e n b y a n o p e r a t o r t o 
t he r o b o t i n a r e s t i c t e d fo rm a s f o l l o w s ; 

"BUILD A TOWER" 

"BUILD A HOUSE WITH A RED ROOF", e t c . 

The r o b o t a t t e m p t s t o d e t e r m i n e t h e meanings 
o f words o r p h r a s e s , such as "a t o w e r " , " a 
house " and " w i t h a red r o o f " , f rom i t s k n o w l 
edge. I f i t f a i l s , i t asks t h e o p e r a t o r t o 
e x p l a i n t h e mean ings . The meanings o f t h e 
c o n c e p t s , " t o w e r " , " h o u s e " and " r o o f " , a r e 
g i v e n t o t h e r o b o t as a x i oms i n t h e fo rm o f 
f i r s t - o r d e r p r e d i c a t e c a l c u l u s w f f s . I n t e r 
p r e t i n g t he s t a t e m e n t , t h e r o b o t d e c i d e s on a 
s u i t a b l e s t a t e - r e p r e s e n t a t i o n f o r a b l o c k 
b u i l d i n g . Th i s s t a t e - r e p r e s e n t a t i o n i s c a l l e d 
a g o a l s t a t e and i s shown in t h e fo rm o f "(ON 
A (ON C D ) V , where (ON X Y) means "X is on Y" . 

The theorem p r o v e r based on t h e r e s o l u 
t i o n p r i n c i p l e and o n t h e f u n c t i o n a l d a t a 
s t r u c t u r e i s used a s a ma in t o o l i n t h i s p a r t 
o f t h e r o b o t p l a n n i n g s y s t e m . T h i s p a r t i n 
t he sys tem i s c a l l e d "GOAL-FINDER". F i n d i n g 
t he g o a l s t a t e s u i t a b l e f o r t he s t a t e m e n t , t h e 
r o b o t must d e f i n e a j o b sequence f o r c o n s t r u c t 
i n g t h e b u i l d i n g . That i s , a r o b o t r o u s t 
d e c i d e t h e p r o c e d u r e t o r e a l i z e t h e g o a l s t a t e 
under some c o n s t r a i n t s . A theorem p r o v e r 
based o n p a t t e r n m a t c h i n g i s a p p l i e d t o t h i s 
p r o c e s s . The theorem p r o v e r t h a t c o n s t i t u t e s 
t h i s p a r t o f t h e system i s c a l l e d "JOB-
SCHEDULER" . 

T a k i n g t h e g o a l s t a t e and t he p r e s e n t 
s t a t e , JOB-SCHEDULER d e c i d e s a j o b sequence 
g i v e n t he c o n s t r a i n t s o f t h e b l o c k w o r l d . 

A d i ag ram o f t he r o b o t p l a n n i n g system i s 
shown i n F i g . 1 , The d e t a i l s o f GOAL-FINDER 
and JOB-SCHEDULER a re d e s c r i b e d in c h a p t e r s 3 
and 4 . 

The r e l a t i o n s h i p s be tween t h e b l o c k s 
m a n i p u l a t e d by a r o b o t and t h e c h a r a c t e r i s t i c s 
o f the b l o c k s ( e x . shape , c o l o u r , p o s i t i o n , 
e t c . ) a re r e p r e s e n t e d by FDS*. FDS fo rms a 
ne two rk and b l o c k s w i t h s i m i l a r c h a r a c t e r i s t i c s 
a r e c o n n e c t e d . T h e r e f o r e , t h e s u i t a b l e p r o b l e m 
domain may be e f f e c t i v e l y e s t a b l i s h e d by t h e 
p rob lem s o l v e r . For examp le , t h e p r o b l e m 
domain composed o f o n l y r e d b l o c k s can be 
e x t r a c t e d f rom the b l o c k w o r l d i n response t o 
t h e s t a t e m e n t . 

3 . An i n p u t i n t e r p r e t e r and GOAL-FIKDER 

I n t h i s c h a p t e r , w e s h a l l d e s c r i b e a n 
i n t e r p r e t e r w h i c h c o n s t r u e s i n p u t s t a t e m e n t s 
g i v e n by an o p e r a t o r and a s t a t e - o r i e n t e d 
p rob lem s o l v e r , GOAL-FINDER, w h i c h f i n d s a 
g o a l s t a t e t o f u l f i l l t h e s t a t e m e n t s . 

GOAL-FINDER i s made up o f t h r e e m a j o r 
p a r t s , a w o r l d m o d e l , a s t o r a g e , w h i c h 

* FDS i s an a b b r e v i a t i o n o f f u n c t i o n a l d a t a 
s t r u c t u r e . 
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memorizes knowledge o f concep ts o f b l o c k 
b u i l d i n g s , and t h e r e s o l u t i o n theorem p r o v e r . 
T h i s theorem p r o v e r i s s i m i l a r t o QA35 . 

3 . 1 An i n p u t i n t e r p r e t e r and a w o r l d model 

The ma in f u n c t i o n s o f t h i s i n t e r p r e t e r 
a re t o t r a n s l a t e s t a t e m e n t s i n t o l i s t forms 
and to d e l i v e r them to GOAL-FINDER. In t he 
p r e s e n t s t a g e , t a s k s t a t e m e n t s g i v e n by an 
o p e r a t o r a r e r e s t r i c t e d t o t he f o l l o w i n g two 
t y p e s f o r t he sake o f s i m p l i c i t y . 

BUILD a d j e c t i ve noun w i t h a d j e c t i v e noun 

MOVE a d j e c t i v e noun to P. 

(where each a d j e c t i v e word or c l a u s e may 
be m i s s i n g , and P r e p r e s e n t s t he p l a c e 
where o b j e c t s shou ld be moved.) 
For example , 

"BUILD A TALL TOVER VITH A RED PILLAR" 

i s t r a n s f o r m e d i n t o 

BUILD (TOWER TALL (PILLAR RED)) , 

and such a s t a t e m e n t as 

"MOVE BLUE BLOCK TO PLACE-A" 

y i e l d s 

MOVE PLACE-A (BLOCK BLUE). 

I n a d d i t i o n t o i m p e r a t i v e s t a t e m e n t s , 
t h i s i n t e r p r e t e r construes two t ypes o f 
d e c l a r a t i v e sen tences w r i t t e n i n t he form o f 
w e l l formed f o r m u l a s ( w f f s ) i n t he p r e d i c a t e 
c a l c u l u s . One t y p e i s a s t a temen t fo r chang 
i n g t h e w o r l d model and t he o t h e r i s f o r 
c h a n g i n g know ledge . The i n t e r p r e t e r a l s o 
p r i n t s o u t t he message when t he p l a n n i n g 
system f a i l s t o p e r f o r m i t s f u n c t i o n , and 
r e q u i r e s f u r t h e r i n s t r u c t i o n s . 

FDS is employed to d e s c r i b e such w o r l d 
models as t h o s e d e s c r i b e d by shape, name, 
c o l o u r , p o s i t i o n and s p a t i a l r e l a t i o n s h i p s o f 
t h e b l o c k s . One f e a t u r e o f t h i s program i s 
i t s a b i l i t y to make up an a s s o c i a t i v e ne two rk 
o f c u r r e n t i n f o r m a t i o n i n t he w o r l d . 

Because o f t h i s s t r u c t u r e , a l l f e a t u r e s 
o f t h e b l o c k can be seen e a s i l y , and b l o c k s 
h a v i n g s p e c i f i c f e a t u r e s can b e s e l e c t e d . 

3 .2 A l g o r i t h m s used in a p rob lem s o l v e r 
w h i c h f i n d s goa l s t a t e s 

H e r e , v e s h a l l d i s c u s s t he a l g o r i t h m s 
used i n t h i s p rob lem s o l v e r , and e x p l a i n how 
i t f i n d s a g o a l s t a t e w h i c h i s s u i t a b l e f o r 
t a s k s t a t e m e n t . An o u t l i n e o f t he p rob lem 
s o l v i n g p r o c e s s i s i l l u s t r a t e d i n F i g . 2 . I n 
e x p l a n a t i o n , l e t u s b r i e f l y o u t l i n e i t s 
p r o c e s s e s . 

F i r s t , t h e p rob lem s o l v e r g e n e r a t e s 
theorems to be p roved c o r r e s p o n d i n g to t h e 
s t a t e m e n t , and 

second i t chooses t h e axioms whi ch a re 
n e c e s s a r y to p rove t h e theorems and s e t s them 
up in each p rob lem doma in . 

T h i r d l y i t s e l e c t s a p p r o p r i a t e b l o c k s 
f r om a w o r l d model and sets them up in each 
p rob lem domain . 

I n c o n c l u s i o n , i t p roves theorems and 

produces a s o l u t i o n , i . e . a g o a l s t a t e . 
These a l g o r i t h m s have t he f o l l o w i n g t h r e e 

n o t a b l e c h a r a c t e r i s t i c s . 
(1 ) Because axioms a r e c o n s t r u c t e d in a 

t r e e s t r u c t u r e , t h e meanings o f s t a t e m e n t s a r e 
r e f l e c t e d s y s t e m a t i c a l l y i n t h e theorem 
p r o v i n g p r o c e s s . 

(2) Some a d j e c t i v e words in a s t a t e m e n t 
a re r e f l e c t e d i n t he p rocess o f s e l e c t i n g 
ax ioms . For example, an a d d i t i o n a l ax iom 
wh ich can produce t a l l b u i l d i n g w i l l b e 
s e l e c t e d to b u i l d a "TALL TOVER" r a t h e r t han 
an o r d i n a r y TOWER. 

(3 ) O ther a d j e c t i v e words a re r e f l e c t e d 
in t he p rocesses by which b l o c k s a r e s e l e c t e d . 
For example, o n l y b l u e b l o c k s a r e s e l e c t e d 
f rom a w o r l d model to b u i l d a "BLUE HOUSE". 

L e t u s b r i e f l y d e s c r i b e t he knowledge 
shown in Fig. . 2. The know ledge , we d i s c u s s 
h e r e , i n v o l v e s t he ax ioms , wh ich t he theorem 
p r o v e r i s t o use , and t h e g e n e r a l i z e d s o l u 
t i o n s , where the g e n e r a l i z e d s o l u t i o n means 
a w f f s wh ich has been o b t a i n e d by r e p l a c i n g 
c o n s t a n t s i n a s o l u t i o n by t he c o r r e s p o n d i n g 
p r e d i c a t e l e t t e r s . 

For example, suppose a s o l u t i o n is "(ON 
A B ) " and the f o l l o w i n g d e s c r i p t i o n s a r e 
g i v e n ; 

PRISM (A) and BLOCK ( B ) . 

"(ON PRISM BLOCK)" is s t o r e d as a g e n e r a l 
i z e d s o l u t i o n and u t i l i z e d i n subsequent 
p r o c e s s e s . Each p i e c e o f knowledge c o n c e r n i n g 
an axiom c o n s i s t s o f t he name, t h e l e v e l , t h e 
c o r r e s p o n d i n g a d j e c t i v e and t he axiom i t s e l f 
and i s s t o r e d i n t he form o f l i s t s t r u c t u r e s . 

The axioms a re g i ven to t he p rob lem 
s o l v e r (GOAL-FINDER) i n t he fo rm o f p r e d i c a t e 
c a l c u l u s w f f s . Each axiom may or may n o t have 
l e v e l i n g marks t o r e p r e s e n t t he c o n c e p t s , f o r 
example, "HOUSE", "TOVER" e t c . , i n t he t r e e 
s t r u c t u r e s . 

U s i n g t he axioms w i t h t he l e v e l i n g marks , 
e f f i c i e n c y o f p r o c e d u r e in GOAL-PINDER can be 
g r e a t l y i n c r e a s e d . 

I n t h i s case, the theorem p r o v e r i n t e r -
p r e t e s th ie t r e e s t r u c t u r e o f a concep t and 
i n t r o d u c e s a s o l u t i o n c o n t a i n i n g t h e r e a l 
ob j e c t s . 

As f u r t h e r e x p l a n a t i o n s , ve shall use a 
s i m p l e examp le . 

[Example 1 ] 
Suppose the t a s k s t a t e m e n t i s 

"BUILD A TALL TOWER VITH A BLUE P ILLAR. " 

and the w o r l d model i s as shown i n F i g . 3 - ( 2 ) . 
I n t h i s example, t he f o l l o w i n g two theorems 
to be p roved are i n d u c e d ; 

(3X) TOVER (X) 

(3X) PILLAR ( X ) . 

The axioms a re ga the red i n t h e f o l l o w i n g 
manner; 

TOVER; l e v e l 0 (VxVY) (((ROOF X)(PILLAR Y ) ) 

;> (TOVER (ON X Y ) ) ) * , 

ROOF; l e v e l ] (VX) ((PRISM X) 2> ( R O O F X ) ) , 

PILLAR; l e v e l 1 ( V X) ( (BR ICK X ) 2 ( P I L L A R X ) ) , 

389 



and 

The l a s t ax iom i s s e l e c t e d because t h e r e 
e x i s t s a n a d j e c t i v e word TALL i n t h e i n s t r u c 
t i o n . 

The t r e e s t r u c t u r e o f ax ioms and 
theorems i s shown i n P i g , 4 . 

I n t h i s f i g u r e , t he a d j e c t i v e TALL 
b e l o n g s t o t he TOWER b u t i t a c t u a l l y has an 
e f f e c t o n t he ax iom o f PILLAR w i t h l e v e l 1 . 
In a d d i t i o n , t h e a d j e c t i v e BLUE has an effect 
o n t h e p r o c e s s o f s e t t i n g u p t h e p rob lem 
d o m a i n . That i s , GOAL-FINDER s e t s up t h e 
w o r l d o f o n l y b l u e b l o c k s a s t h e s o l u t i o n 
t h u s -

PILLAR (ON A C ) . 

T h i s i s s u b s t i t u t e d i n t o t h e ax iom o f 
TOWER u s i n g o n l y PRISMs. 

The s o l u t i o n o b t a i n e d i s a s f o l l o w s ; 

TOWER (ON E (ON A C ) ) . 

GOAL-FINDER d e l i v e r s t h e f o l l o w i n g 

e x p r e s s i o n ; 

{ON E (ON A C ) ) , 

t o JOB-SCHEDULER.(Fig- 3 - ( 3 ) ) 

4. JOB-SCHEDULER 
Suppose we s u p p l y t h e r o b o t w i t h t h e 

w o r l d m o d e l , t h e i n i t i a l s t a t e and t he g o a l 
s t a t e , and ask i t t o d e c i d e a sequence o f 
a c t i o n s t o a c h i e v e t h e g o a l s t a t e . There a r e , 
o f c o u r s e , many c o n s t r a i n t s i n t h e w o r l d o f 
t h e r o b o t . These c o n s t r a i n t s can b e c l a s s i 
f i e d i n t o t he f o l l o w i n g two c a t e g o r i e s ; 

( 1 ) a c t i o n s r e s t r i c t i o n s wh ich a re 
i n v a r i a b l y accompanied by an a c t i o n , and 

( 2 ) s t a t e s l i m i t a t i o n s w h i c h a r e 
p r o v i d e d b y t he w o r l d . 
I n t h i s c h a p t e r a p r o b l e m s o l v e r , JOB-SCHED
ULER, is used to p roduce a sequence o f 
a c t i o n s t o a t t a i n t he g o a l s t a t e . 

4 . 1 Theorem p r o v e r used in JOB-SCHEDULER 

A PLANNNER-l ike theorem p r o v e r 6 i s used 
t o s o l v e a j o b s h e d u l i n g p rob lem i n o r d e r t o 
o b t a i n a n a c t i o n - s e q u e n c e w h i c h w i l l a r r i v e a t 
a g o a l s t a t e f rom a c u r r e n t s t a t e w h i l s t unde r 
some c o n s t r a i n t s . Because o f t h e f l e x i b i l i t y 
o f d e s c r i b i n g a l g o r i t h m s , two k i n d s o f 
theorems a r e used i n t h i s theorem p r o v e r . 
They a r e as f o l l o w s : 

( l ) A theorem o f w h i c h t h e r e s u l t i s 
d e s c r i b e d as a s t a t e when t h e a c t i o n has a 
c l e a r e f f e c t o n t h e w o r l d . For example, such 
an a c t i o n as " P u t X on Y" c r e a t e s a s t a t e 
"X i s on J " j t h e p a i r o f t he a c t i o n and 
t h e s t a t e becomes a g e n e r a l knowledge whereby 
t h e a c t i o n c o r r e s p o n d i n g t o a s t a t e i s 
d i r e c t l y o b t a i n e d ; and 

* I n t h e s e e x p r e s s i o n s e x i s t e n t i a l q u a n t i f i e r s 
had a l r e a d y been e l i m i n a t e d and t he Skolem 
f u n c t i o n s w h i c h r e p r e s e n t t h e meanings o f 
t h e s e q u a n t i f i e r s i n t r o d u c e d . 

( 2 ) A theorem w h i c h d e s c r i b e s p r o c e d u r e s ; 
t h i s theorem g i v e s t h e p r o c e d u r e o f e x e c u t i o n , 
s o t h a t i t i s s u i t a b l e f o r t h e d e s c r i p t i o n o f 
a n a l g o r i t h m . A s f a r a s t h e c o n t r o l o f 
e x e c u t i o n i s c o n c e r n e d , t h e c o n s t r a i n t i s 
d e s c r i b e d ( 1 ) in a t h e o r e m , as a p r e c o n d i t i o n 
p e c u l i a r t o t h e r o b o t s y s t e m . O r t h e c o n 
s t r a i n t i s d e s c r i b e d (2 ) a s a v a r i a b l e 
c o n d i t i o n t o b e r e f e r r e d a c c o r d i n g t o t he 
s i t u a t i o n s . 

When a c o n d i t i o n a l e x p r e s s i o n in a 
theorem i s n o t s a t i s f i e d , t h e c o n t r o l o f t h e 
program may be changed a c c o r d i n g t o t h e i n d i 
c a t i o n f o r " F " , I f t h e i n d i c a t i o n i s t h e name 
o f a l a b e l used in t h e same t h e o r e m , t h e 
c o n t r o l becomes a s i m p l e jump l i k e t h e "GO TO" 
s t a t e m e n t o f t h e FORTRAN, On the o t h e r h a n d , 
i f i t i s n o t , i t w i l l b e i n t e r p r e t e d a s a 
b r a n c h o f a new theorem and t h e f o l l o w i n g 
b e h a v i o u r s p r o c e s s e d . The d i r e c t e d p r o c e s s i s 
pe fo rmed and t h e n t h e c o n t r o l r e t u r n s t o t h e 
b r a n c h i n g p o i n t . I f t h e c o n d i t i o n a l e x p r e s 
s i o n i s s t i l l n o t s a t i s f i e d , t he c o n t r o l 
r e t u r n s t o l a s t d e c i s i o n p o i n t and a new 
d e c i s i o n i s made. 

4 .2 Bas i c a l g o r i t h m o f JOB-SCHEDULER 

The m o t i v a t i o n f o r j o b s c h e d u l i n g i s t h e 
d i f f e r e n c e between t he c u r r e n t s t a t e ( S c ) 
and t h e goa l s t a t e ( Sg ) . A b s t r a c t i n g a new 
s t a t e , JOB-SCHEDULER s e t s up a s u b g o a l . Tha t 
i s , w i t h i n t h e b a s i c f ramework JOB-SCHEDULER 
o p e r a t e s i n a G P S - l i k e m a n n e r 7 . L e t us o u t 
l i n e t h e a l g o r i t h m o f JOB-SCHEDULER: 

(1 ) T r a n s f o r m t h e g o a l s t a t e ( Sg ) 
p roduced i n GOAL-FINDER and t h e w o r l d model 
( Sp ) in FDS i n t o p r e f i x n o t a t i o n s . 

(2 ) Set u p r e s t r i c t i o n s t o b e d u l y 
c o n s i d e r e d i n t h e p r o c e s s o f the p r o b l e m 
s o l v i n g ( j o b s c h e d u l i n g ) and g i v e e f f e c t i v e 
means o f s e t t l i n g t r o u b l e , f o r example , such 
a c o n s t r a i n t as "more b l o c k s t han two canno t 
b e p u t o n t h e b l o c k A " i s g i v e n i n t h i s 
theorem p r o v e r a s f o l l o w s ; 

where "SUCCESS" and " F A I L " mean t h a t t h i s 
theorem ends i n success and i n f a i l u r e 
r e s p e c t i v e l y . 

(3 ) I f t h e c u r r e n t s t a t e ( S c ) c o i n c i d e s 
w i t h t h e g o a l s t a t e ( S g ) , t h e a l g o r i t h m 
t e r m i n a t e s . 

( 4 ) I f t h e r e i s any s t a t e , n o t p r e v i o u s l y 
s e l e c t e d , i n t h e d i f f e r e n c e s between S c and 
Sg, s e l e c t a new s u b g o a l ( S s ) o u t of t h e 
d i f f e r e n c e s . O t h e r w i s e , i f i t i s i m p o s s i b l e 
t o s e l e c t a new s u b g o a l , b a c k t r a c k t o t h e 
p r e c e d i n g s u b g o a l and r e s e l e c t t h e o t h e r 
s u b g o a l . I f i t i s i m p o s s i b l e , t h e a l g o r i t h m 
t e r m i n a t e s i n u n s o l v a b i l i t y . 

( 5 ) T r y t o g e t t o S a • I f t h i s f a i l s , 
r e t u r n t o s t e p ( 4 ) . O t h e r w i s e , r e t u r n t o 
step ( 3 ) . 
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o f t h e p r o b l e m . A n o t h e r theorem p r o v e r based 
o n p a t t e r n m a t c h i n g i s a p p l i e d t o o b t a i n a 
j o b sequence w i t h v h i c h t h e g o a l s t a t e i s 
a c h i e v e d . T h a t i s , t h e f o r m e r i s t o i n t e r p r e t 
concep ts ( s t a t e s ) , and t h e l a t t e r i s concerned 
w i t h a c t i o n s . A s a r e s u l t , b o t h o f t h e s e 
theorem p r o v e r s do a sha re o f t h e work 
a c c o r d i n g t o t h e i r f e a t u r e s . 

(2 ) The e f f i c i e n c y o f r o b o t p l a n n i n g i s 
i n c r e a s e d b y t h e s t r u c t u r i n g o f ax ioms i n t o 
t r e e s i n GOAL-FINDER and t h e m o d i f y i n g t h e 
theorem p r o v e r i n JOB-SCHEDULER a f t e r t h e 
s u i t a b l e manner f o r t h i s s y s t e m . 

( 3 ) FDS is adop ted to r a i s e e f f i c i e n c y o f 
t he system b y s e t t i n g u p t h e p rob lem d o m a i n . 

The r o b o t p l a n n i n g system d e s c r i b e d h e r e 
i s b e i n g combined w i t h a ha rdware system 
deve loped i n ou r l a b o r a t o r y and i n t e g r a t e d 
i n t o a t o t a l r o b o t s y s t e m . 
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